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Effect of leaf area index change on evapotranspiration and water 
yield in northern China 
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(1. School of Applied Meteorology, Nanjing University of Information Science and Technology / Jiangsu Key Laboratory of 
Agricultural Meteorology, Nanjing 210044, China; 2. Collaborative Innovation Center on Forecast and Evaluation of Meteorological 
Disasters, Nanjing University of Information Science and Technology, Nanjing 210044, China) 


Abstract: There has been growing evidence that leaf area index (LAI) has changed in many parts of northern China, including 
northeast (NER), north (NR), northwest (NWR) and Huanghuaihai (HHH) regions. Changes in LAI can alter hydrologic cycle by 
regulating matter and energy cycles. However, the effects of the changes in LAI, particularly for afforestation / reforestation, on the 
hydrologic cycle have remained controversial. Better understanding on how the changes in LAI affect evapotranspiration (ET) and 
water yield has implications for ecohydrology, and regional and national afforestation / reforestation policies. In this study, we used 
satellite-derived LAI dataset and process-based ecosystem model (Boreal Ecosystem Production Simulator, BEPS) to examine how 
changes in LAI affect annual ET and water yield in northern China during the period 2000 2014. Firstly, LAI dataset was used to 
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assess linear trends in LAI per pixel. Secondly, increasing and decreasing trends in LAI were removed on per-pixel basis by 
detrending LAI. Thirdly, we used the BEPS model along with the original and detrended LAI datasets to conduct two model 
simulations — one with original LAI (1.e., with increasing and decreasing trends in LAI) and one with detrended LAI (1.e., without 
trends in LAI). Finally, the two model simulations were conducted to assess the effects of increasing and decreasing LAI on 
terrestrial ET and water yield in northern China. Results showed significant trends in LAI for 20.2% of area of northern China, with 
increases and decreases in area accounted for 18.896 and 5.596, respectively. Annual mean LAI averaged at the regional scale 
significantly increased for NR (0.001 4 a', P < 0.05) and NWR (0.004 7 a™', P < 0.001). Temporal trends in LAI were not significant 
for NER and HHH. Two model simulations driven by original and detrended LAI, respectively, showed that the effects of the changes 
in LAI on terrestrial ET and water yield varied with spatial scale. At pixel scale, an increase in LAI increased annual ET but 
decreased water yield or weakened increase in water yield. However, a decrease in LAI decreased ET and increased water yield or 
weakened decrease in water yield. At regional scale, increase in LAI had positive effects on annual ET, but negative effects on water 
yield. Annual ET averaged at regional scale significantly increased in NR (3.5 mma !, P < 0.000 1) and NWR (2.1 mma !, P < 0.05). 
The difference in annual ET between the two simulations exhibited significant increase in the trends in all the 4 regions. Difference in 
water yield between the simulations with original and detrended LAI had decreasing trends for NWR (-0.95 mm«a !, P < 0.000 1), 
NER and NR (-0.38 mm: !, P < 0.000 1) and for HHH (-0.11 mma !, P < 0.001). Future studies on the effects of the changes in LAI 
on hydrological cycle should account for feedbacks of the changes in ET and other biophysical properties (e.g., albedo) to the climate. 
Given the negative effects of increasing LAI on water yield and the water crisis in northern China, afforestation efforts should 
perhaps focus on southern China. 


Keywords: Leaf area index; Evapotranspiration; Water yield; Ecological process-based model; Northern China 
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Fig. 1 Trends of annual mean LAI change for the northern 
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Fig.2 Spatial-averages of the original LAI, detrended LAI and their difference over the northern China during the period 
2000—2014 (Fig. a, b, c and d are Northeast, North, Northwest and Huanghuaihai regions of China, respectively.) 
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Fig. 3. Spatial distribution of mean and trends of annual ET and water yield in the northern China over the period 2000-2014 (a and 
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Fig.4 Spatial-averages of annual ET, simulated annual ET with detrended LAI and their difference for the northern China during the 
period 2000—2014 (Fig. a, b, c, d are Northeast, North, Northwest and Huanghuaihai regions of China, respectively.) 
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FEAR, SRB A357 38 ERR KALA 
LALA BMP KER EN AM, HÉBDISMGR 
MAKKAMAZSSRPFRKEAR B3 83 77 
HEK, 

32 £t 

LAL 3E(E Sé SECURUS B3 AE SR EDKÍÜBES. A 

HAF FAW Ae RAR T 3675 38 DC 


2000— 2014 Fis) LAI mm 
3b pr RBS 20.2%, HA LAI S ETE S RU BRE EC DX 
MAAS A 18.8965 5.5% TEÍRZURI& E, LAIH 
m e et RH REP ke, LAI KEH. f£ 
DERE E, LAI B971 i 3 WARP Ker ^E 
T GEBUESASUN:LAI SE(EXIZ&BIUR TR PTZK ERG 
D B ZR F oF XSCALE A LAL Are AGRE 
BY LE Bil. 
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